Objective To conduct a systematic review on the construct of illness uncertainty in caregivers and youth as related to the following: demographic and illness variables, psychological functioning, illness-related distress, and reaction/coping style. Methods A meta-analysis was conducted with articles assessing the associations between illness uncertainty and variables of interest that were published between November 1983 and June 2016 (n ¼ 58). Results Psychological functioning and illness-related distress had primarily medium effect sizes. Demographic and illness variables had small effect sizes. More positive and fewer negative reaction/coping styles were associated with less illness uncertainty, with primarily small effects. Conclusions Illness uncertainty may be an important factor that influences psychological functioning and distress and coping in the context of pediatric chronic illness. However, additional research is needed to determine more precise mean effect sizes, as well as the potential efficacy of intervention to address uncertainty.
Introduction
Illness uncertainty is a cognitive appraisal (i.e., the interpretation of an event as it pertains to one's wellbeing) that is elicited when an individual has difficulty in understanding the meaning of an illness-related event because health outcomes are unpredictable (e.g., what side effects will be experienced when starting a new medication) (Mishel, 1984) , illness symptoms or events are ambiguous (e.g., is leg pain due to overexertion or relapse?), or there is a lack information about the illness or treatment (e.g., unknown outcomes of experimental treatments) (Mishel, 1990) . Illness uncertainty has been associated with psychological functioning and coping in multiple studies across adult and pediatric chronic illness populations (Stewart & Mishel, 2000; Wright, Afari, & Zautra, 2009 ). Pediatric illness uncertainty (i.e., illness uncertainty experienced by a patient or a caregiver in the context of a pediatric illness), in particular, requires consideration of the developmental level of the child, the need to independently assess patient and caregiver uncertainty, and the subsequent consideration of potential transactional relationships between patient and caregiver illness uncertainty and potential associated outcomes (Lazarus, & Folkman, 1984; Wallander & Varni, 1998; Fedele et al., 2013) . The purpose of this study is to synthesize literature and describe the nature of pediatric illness uncertainty for both pediatric patients and caregivers of children with a pediatric illness.
The development of the Child Uncertainty in Illness Scale, based on Mishel's illness uncertainty model (Mullins & Hartman, 1995; , facilitated research that examined illness uncertainty in the context of pediatric illness. A subsequent factor analysis of the Child Uncertainty in Illness Scale revealed factors (e.g., unpredictability and lack of understanding) consistent with Mishel's illness uncertainty model and adult illness uncertainty measures . The pediatric illness uncertainty literature has spanned the developmental spectrum from young children to adolescents and young adults , Page et al., 2012 . Mirroring the adult literature, many studies show that increased child illness uncertainty is associated with poorer overall quality of life (Fortier et al., 2013) and psychosocial functioning (Hoff, Mullins, Chaney, Hartman, & Domek, 2002; , including increased anxiety (Hommel et al, 2003) and depression (Carpentier, Mullins, Wagner, WolfeChristensen, & Chaney, 2007) . However, some pediatric studies show no relationship between illness uncertainty and psychological functioning or coping (Carpentier, Mullins, & Van Pelt, 2007a; White et al., 2005) . Overall, the relationship of demographic (e.g., age) and illness-specific factors (e.g., illness duration) in relation to patient reports of illness uncertainty has varied across studies (Carpentier, Mullins, Chaney, & Wagner, 2006; Hommel et al., 2003 Sterken, 1996) .
The examination of pediatric illness uncertainty would be incomplete without also considering the influence of caregivers. Several studies have indeed examined caregiver uncertainty (i.e., uncertainty a caregiver has about their child's illness) and shown that higher caregiver-reported uncertainty is associated with higher levels of caregiver-reported psychological stress and more difficulty in coping (Chaney et al., 2016; Molzon et al., 2014) . A few notable studies have assessed caregiver and patient reports of uncertainty about the child's illness, Yarcheski, 1988; Santacroce, Asmus, Kadan-Lottick, & Grey, 2010) , including two that examined potential transactional relationships (Page et al., 2012; . These studies showed that caregiver uncertainty was not only associated with their own psychological functioning but their child's as well.
Research examining illness uncertainty in pediatric chronic illness has grown considerably in the past three decades. In the absence of a systematic analysis, the variability in chronic illness populations and reporters, and mixed findings across studies, hampers the ability of clinicians and scientists to interpret and translate the collective findings. Therefore, the purpose of this study is to conduct a meta-analysis that will consolidate and summarize the current pediatric illness uncertainty literature. Specifically, we will describe factors associated with and how pediatric illness uncertainty relates to psychological functioning in pediatric chronic illness for both patients and caregivers. The results of these analyses are needed to inform the direction of future research and help determine the viability of pediatric illness uncertainty (either patientor caregiver-report) as a target for intervention. Based on previous illness uncertainty literature, we hypothesize that demographic-specific (i.e., age and income) or illness-specific (i.e., duration and severity) factors will not be related to pediatric illness uncertainty. However, we hypothesize a number of relationships between uncertainty and psychosocial functioning and coping: (1) patient-reported illness uncertainty will be associated with patient psychological outcomes; (2) caregiver-reported illness uncertainty (i.e., caregiver's uncertainty about their child's illness) will be associated with caregiver psychological functioning; and (3) caregiver uncertainty will be associated with child psychological functioning, illness-related distress, and reaction/coping styles.
Method
The review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (Moher, Liberati, Tetzlaff, Altman, & PRISMA group, 2009 ).
Search Strategy
To the authors' knowledge, this is the first metaanalysis to be conducted that focuses on pediatric illness uncertainty. A literature search was done to identify all potential articles on pediatric illness uncertainty published from November 1983 to June 2016. The starting date was chosen to correspond with Mishel and colleagues' hallmark article on parental perceptions of uncertainty in childhood illness (Mishel, 1983 The initial search yielded 4,107 results. To best represent the current literature in pediatric illness uncertainty, the following inclusion criteria were used: the study collected original data; a quantitative measure of uncertainty was used that included more than one item; a relationship to at least one other variable was reported; the study target population was exclusively children, adolescents, or young adults (defined as 30 years of age) with a chronic illness or their caregivers; and the article was published in English in a peerreviewed journal. Additionally, articles were excluded if the focus of the study was specific to the construct of "diagnostic uncertainty" because it focuses on the period before diagnosis and whether a diagnosis will be made (Santacroce, 2001) . References of identified studies, as well as relevant qualitative reviews and manuscripts, were then reviewed to ensure a thorough representation of all available literature. This process yielded three additional studies to include in the metaanalysis.
On initial review of abstractions by one author (L.S.) and removal of duplicate articles, 312 articles were identified for full-text review to determine eligibility. For a complete breakdown of article selection and exclusion, see Figure 1 . A total of 58 articles were included in the meta-analysis representing 5,373 caregiver participants and 2,407 patient participants. See Table 1 for a list of included articles with applicable study variables.
Missing Data
Of the original 71 articles that were determined to meet inclusion criteria, 20 did not include sufficient information for every variable that they examined, so additional information was requested from the study authors. Reasons for needing additional information to calculate effect size included failure to report effect sizes or reporting results of a multivariate analysis but not the corresponding bivariate relationships. Of the 20 articles, 13 were excluded in full because of authors not responding or no longer having access to the relevant data. For eight articles, only select variables could be used, whereas others were excluded.
Data Extraction
All articles were extracted by two authors (L.S. and S.B. or A.E.) using a standardized data collection template. Data retrieved from each article included study design, measurement of uncertainty and study variables, relationship with study variables, and patient demographic characteristics. Owing to the large prevalence bias, a prevalence-adjusted bias-adjusted kappa was used (Byrt, Bishop, & Carolin, 1993) . Agreement was excellent between all extractors (L.S.:S.B. ¼ 0.92, L.S.:A.E. ¼ 0.80). All discrepancies were discussed and resolved through consensus (L.S. and A.P.). Figure 1 . The PRISMA four-phase flow diagram detailing study selection. 
Quality of the Evidence
Study quality was assessed using a 20-item rating rubric that was developed for this study and was based on relevant items from validated rating tools used in observational research (DuRant, 1994; Fowkes & Fulton, 1991) . Of these 20 items, six were examined separately for risk of bias that focuses specifically on the potential limitations on study design. Raters coded each item as present or not present for a total possible rating of 0 (poor quality) to 20 (excellent quality). Quality ratings were conducted by two coders (L.S. and S.B.), with 25% of the studies being coded by both raters for inter-rater reliability. Agreement was moderate between authors (j ¼ .80). All discrepancies were discussed and resolved through consensus (L.S. and A.P.). The rubric can be found in the supplemental materials (available online with this report). Additionally, a fail-safe N was calculated for each of the statistical analyses to examine the risk of publication bias. This value indicates the number of missing studies with nonsignificant results that would be needed for the p-value of the summary effect to no longer be significant. See Table 2 for results.
Statistical Approach
Study analyses were conducted according to guidelines on meta-analysis with correlational data (Borenstein, Hedges, Higgins, & Rothstein, 2009) , as well as modeled after other published studies that compared correlational data for effect sizes (Hood, Peterson, Rohan, & Drotar, 2009 ). Comprehensive Meta-Analysis (Version 2) software was used to organize data and calculate weighted random effect sizes for bivariate correlation using the following thresholds: .1 ¼ small, .3 ¼ medium, and .5 ¼ large (Cohen, 1988) . Effect sizes were calculated by categories established by the authors. When an individual study reported more than one variable in a particular category or two separate manuscripts were determined to be from the same sample, a mean of all variables was used to ensure that there was no overrepresentation of a single group of reporters. The random-effects model was used for all analyses because of the assumption that the true effects varied by study. Weights were assigned to studies based on sample size. Relative weights, along with forest plots for each analysis, are reported in the Supplemental Materials (available online with this report).
Variables were collapsed into the following categories for caregivers and patients independently: psychological functioning (e.g., anxiety and depression), illness-related distress (e.g., subjective pain and perception of physical functioning), and reaction/coping style (e.g., utilization of social support and mindfulness). Additionally, because of the number of studies examining four particular variables that were part of the psychological functioning category, additional analyses were conducted on the following subcategories: anxiety, depression, psychological distress, and traumatic stress (caregiver only). Two demographic variables were examined, including age and family income. Three illness-specific variables were also examined, including duration, severity, and knowledge. The demographic-and illness-specific variables were not collapsed into a single category for analyses, as it was felt that they did not represent a single domain. Finally, group differences between caregiver-and patient-report of uncertainty were examined. To best represent the data, analyses were conducted separately based on reporter of both uncertainty and the study variable. Other than when explicitly stated, the study variable was self-reported. Additionally, the uncertainty variable was always self-reported, meaning that the reporter was the individual who is experiencing the uncertainty. Results were reported if there were at least two studies with the same combination of reporters. See Table 1 for all variables used in the metaanalysis and corresponding categories.
Quantification of heterogeneity. The degree of inconsistency across studies was measured using I 2 because of the variability in study metrics and number of studies that were included in each independent analysis. A percentage is calculated that indicates what proportion of the observed variance is not considered to be because of error (Borenstein et al., 2009) . A value near zero indicates that the variance is likely because of error, whereas a high I 2 indicates that the variance may be because of other factors (Higgins, Thompson, Deeks, & Altman, 2003) . Although the importance of inconsistency depends on several factors, the following guide to interpretation has been established: 0-40% ¼ might not be important, 30-60% ¼ may represent moderate heterogeneity, 50-90% ¼ may represent substantial heterogeneity, and 70-100% ¼ considerable heterogeneity (Higgns & Green, 2008) . For analyses with more than 10 studies and significant heterogeneity, moderator analyses were conducted to determine whether the heterogeneity was because of a measured factor (e.g., illness group).
Uncertainty Measurement
There were six unique measures of caregiver-reported uncertainty and four unique measures of patientreported uncertainty. Caregiver uncertainty measures ranged from 2 to 34 items. There were 39 studies that measured caregiver uncertainty, and 76.9% used a scale based directly on Mishel's conceptualization of uncertainty. Patient uncertainty measures ranged from 3 to 34 items. There were 23 studies that measured patient uncertainty, and 87.5% of these used a scale Indicates that the reporter of the study variable was different than the subject (i.e. caregiver reporting on variables specific to the patient) f Directionality indicates that the more the individual used this coping style, the less uncertainty that was experienced g Directionality indicates that the more the individual used this coping style, the more uncertainty that was experienced based on Mishel's theory of uncertainty. Based on the authors' report, 96.6% of the measures had established validity; however, only 19% reported a quantitative measure of validity. Despite the majority of studies using measurements of pediatric illness uncertainty based on Mishel's theory, variability remained in terms of number of items even within the same measure based on adaptations by various authors and refinement of the measure over time.
Results
There were 58 studies included in this metaanalysis. The weighted mean age of the patients represented in the sample was 12.15 years with a SD of 3.29; 10 studies did not report mean age. Fifty-two studies reported gender characteristics. The percentage of male patients ranged from 21 to 82%, with a mean of 49.8%. The reporter of uncertainty or the study variable included caregiver only (56.9%), patient only (32.8%), or caregiver and patient (10.3%). Of the studies that reported caregiver relationship, 75.2% were female caregivers. The mean caregiver age was 38. years, with a SD of 6.63. Of the studies that included caregivers, 50% did not report caregiver age. Data were reported with regard to race or ethnicity in 70.7%, family income in 36.2%, and caregiver education in 50% of articles. Studies were conducted in North America (n ¼ 40), Europe (n ¼ 7), Asia (n ¼ 9), and Australia (n ¼ 2). Eleven studies included two or more disease groups. Of the studies that included one disease group, specific diseases were as follows: cancer (n ¼ 26), asthma (n ¼ 7), arthritis (n ¼ 4), diabetes (n ¼ 2), epilepsy (n ¼ 2), cardiac disease (n ¼ 2), cystic fibrosis (n ¼ 1), sexual disorder (n ¼ 1), mitochondrial disease (n ¼ 1), and chromosomal disorder (n ¼ 1). See Table 1 for additional demographic information. Full metaanalytic results are displayed in Table 2 .
Study Quality
The mean quality rating across studies was 15.6 out of a possible 20 items (SD ¼ 1.9; range ¼ 12-19). Of the 58 studies, 48.3% stated clear hypotheses, 73.3% reported inclusion/exclusion criteria, and 88.3% used at least one validated measure for a study variable. Power calculations were only reported in 13.3% of the studies. Risk of bias. Of the 58 total studies, results were as follows: 5 (8.6%) reported on all 6 items, 18 (31%) reported on 5, 24 (41.4%) reported on 4, 10 (17.2%) reported on 3, and 1 (1.7%) reported on 2 of the 6 items. The item that was most commonly missed was having a strong recruitment rate (i.e., !90%), which was only met by 10% of the studies. The two items that were most commonly met were having a study sample that was representative of the population (95%) and using a validated measure of uncertainty (93.3%). Fail-safe N's were calculated for each analysis. For patient-reported analyses, fail-safe N's ranged from 0 to 779, and for caregiver-reported analyses, they ranged from 0 to 1,048. As expected, the majority of the very low failsafe N's were associated with summary effect sizes that were not significant. Based on the small number of studies in the individual analyses, many of the failsafe N's indicated that results are likely meaningful. For example, if only five studies existed to be included in a summary analysis, it would be unlikely that there were 50 unpublished nonsignificant studies. This holds particularly true for the higher values (i.e., >100). See Table 2 for full results.
Heterogeneity
Substantial to considerable heterogeneity existed across the majority of the analyses run. Results for I 2 statistics are found on Table 2 . Additional analyses to compare the within-and between-groups heterogeneity based on disease groups revealed no differences between cancer and other diseases. Results from these analyses can be found in Supplemental Table 1 (available online with this report).
Demographic
Findings were inconsistent with regard to age and income factors depending on the uncertainty reporter. Patient age was not related to either patient or caregiver uncertainty. However, younger caregiver age was related to higher levels of caregiver uncertainty but not patient uncertainty. In contrast, lower family income was significantly related to patient uncertainty; however, it was not related to caregiver uncertainty. Effect sizes were all small.
Illness Specific
Illness duration, severity, and knowledge were not significantly related to either patient-or caregiver-reported uncertainty. Although there were no sufficient data available to break this down by illness type, the following illnesses were represented in one of these variables: allergies, arthritis, asthma, cancer, cardiac disease, cystic fibrosis, diabetes, general medical/surgical, neurological illness, and rare chromosomal disorders.
Psychological Functioning
As predicted, patient psychological functioning was significantly related to both patient-and caregiver-reported uncertainty, indicating that increased psychological functioning was related to decreased uncertainty. When specific psychological functioning variables were examined further, the same pattern held true for anxiety, depression, and psychological distress.
Similarly, caregiver psychological functioning and all examined domains (i.e., anxiety, depression, psychological distress, and posttraumatic stress) were significantly related to caregiver uncertainty, with higher levels of psychological functioning being related to lower amounts of uncertainty. Overall, caregiver psychological functioning was also related to patient uncertainty; however, specific psychological functioning domains were either not present in the literature or were not significantly related to patient uncertainty. Effect sizes for psychological functioning variables for both patients and caregivers were primarily in the medium range.
Illness-Related Distress
Illness-related distress was significantly related to both patient and caregiver uncertainty regardless of reporter and subject with small to medium effect sizes. This relationship was in the expected direction, with higher levels of illness-related distress being related to higher levels of uncertainty.
Reaction/Coping Style
The method used by the patient or caregiver to cope with the various aspects of the child's illness was categorized as either positive or negative, which was determined based on the conceptualization by the authors of each study. When it was not specified by the author to be a positive versus negative style, the broader literature was used to make a determination. Both patient and caregiver positive and negative reaction/coping styles were related to uncertainty in the expected directions, with one exception: patient positive reaction/coping style was not significantly related to uncertainty. Otherwise, a greater degree of positive reaction/coping style was related to less uncertainty, and a greater degree of negative reaction/coping style was related to more uncertainty for both patients and caregivers. Effect sizes were small to medium.
Caregiver Versus Patient Uncertainty
There was a significant relationship between patient and caregiver uncertainty with a medium effect size.
Discussion
This is the first meta-analysis to synthesize the current state of the quantitative literature on pediatric illness uncertainty. A total of 58 articles spanning the past three decades were included. Articles examined the associations between patient or caregiver uncertainty and a wide array of demographic, illness, and psychosocial functioning and coping variables. Consistent with hypotheses, uncertainty was significantly associated with self-reported psychological outcomes for both patients and caregivers. Specifically, patient-reported uncertainty was associated with patient-reported general psychological functioning, as well as anxiety, depression, and psychological distress independently. Caregiver's uncertainty about their child's illness was also associated with caregiver general psychological functioning and coping style. Especially, notable effect sizes were observed for relationships between caregiver's uncertainty regarding their child's illness and caregiver anxiety and depression. Finally, important transactional relationships were also demonstrated, as caregiver uncertainty about their child's illness was associated with the child's psychological functioning. Although it cannot be concluded from these findings that illness uncertainty leads directly to poorer psychological functioning, the literature certainly suggests that the illness uncertainty could impact on emotional well-being in the context of pediatric chronic illness .
Illness-related distress (e.g., perceived levels of pain, perceptions of the illness interfering with life events, and perceived physical functioning) was also significantly related to illness uncertainty regardless of the subject of the study variable or uncertainty; however, effect sizes were smaller than the relationships between illness uncertainty and psychological functioning.
Finally, specific reactions and coping styles relative to illness uncertainty suggest that caregivers using positive reaction and coping styles experienced less uncertainty. Although this finding was not replicated with patient-reported uncertainty, both patients and caregivers did experience more uncertainty when they used more negative reaction and coping styles. These findings suggest the potential impact of learning and using more efficacious coping methods on illness uncertainty. However, it is important to consider that these groups were formed based on each study's individual definition of positive and negative coping styles, and these are not absolute categories, as some coping strategies may be effective in certain circumstances and ineffective in others (Cheng, Lau, & Chan, 2014) .
Despite the evidence suggesting that pediatric illness uncertainty is related to psychological outcomes, the intervention literature is nascent. Three pilot studies have targeted illness uncertainty (Burke et al., 2014; Hoff et al., 2005; , and findings support the notion that illness uncertainty is modifiable and has an impact on various aspects of psychological functioning. Additionally, there are specific factors that have been found to be associated with uncertainty that may suggest a role for intervention across family members. For example, increased feelings of control (Lipinski, Lipinski, Biesecker, & Biesecker, 2006) and a sense of mastery (Mu, Ma, Ku, Shu, Hwang, & Kuo, 2001 ) have been associated with decreased amounts of uncertainty in caregivers of children with illnesses. Other aspects such as caregiver utilization of social support have had mixed findings (Franck et al., 2014; Lee, Yoo, & Yoo, 2007) . Although there is some intervention literature showing increases in patient's use of effective coping skills, increased feelings of control (Hoff et al., 2002) and utilization of mindfulness strategies (Patterson & McDonald, 2015) are associated with decreased uncertainty. Finally, there has been some evidence in the adult literature to suggest that illness uncertainty can be modified, and intervention has a positive impact on patient's cognitions, knowledge, and coping skills (Gil et al., 2006) . This evidence from the pediatric and adult literature suggests that illness uncertainty may be an important cognitive process for both patients and their family members and related to various aspects of functioning and coping; however, the absence of longitudinal studies and sufficiently powered clinical trials prohibits definitive conclusions about the potential of illness uncertainty as an intervention target or conclusive recommendations for clinical practice.
Certainly, one challenge with this meta-analysis was the large number of variables of interest and outcomes assessed. These variables were kept independent to best represent the data. As would be expected, effect sizes were typically larger when the same individual was both the reporter of uncertainty and the related study variables. However, despite a fewer number of studies examining the relationship between patient-specific variables and caregiver uncertainty, there is initial evidence to suggest that caregiver uncertainty does have a relationship with patient outcomes. Few studies used caregiver proxy report of psychological functioning and coping outcomes. This may strengthen the evidence, given that most of the study variables are internal processes and not observable, which tend to be less reliable across informants (De Los Reyes & Kazdin, 2005) , but may also result in inflated effect sizes because of shared variance (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003) that may be remedied by having multiple reporters.
Findings from this investigation should be considered in the context of a number of methodological limitations. First, several of the authors who were unable to provide the necessary data to be included in analyses had initially published findings on variables with nonsignificant relationships with uncertainty. Second, effect sizes were calculated using correlational data. Therefore, the effect sizes observed cannot be interpreted as causal relationships, instead must only be interpreted as associations. Additional longitudinal and intervention data are needed to identify potential causal relationships between illness uncertainty and psychological functioning and coping. Additionally, there was significant heterogeneity in study outcomes. A large number of analyses were conducted, and each individual analysis had a relatively few number of studies contributing. This limited the subgroup analyses that could be conducted to more fully consider the heterogeneity of the findings. For example, understanding the differences in measurement of uncertainty or between illness populations would add to the literature but could not be conducted. Finally, it is necessary to consider the definition and measurement of pediatric illness uncertainty. Given that the majority of the published literature is based on Mishel's theory of uncertainty and corresponding measures, it is difficult to fully understand the ways in which those studies can be incorporated with the remaining literature to develop one conceptual definition.
Despite these limitations, this meta-analysis is the first to provide a consolidated summary of the uncertainty literature in pediatrics. The findings strongly indicate that additional research to understand the construct of illness uncertainty and the robust relationship between uncertainty and psychological functioning for both patients and caregivers is warranted. Although there are currently a limited number of intervention studies targeting uncertainty, the findings are promising and suggest that uncertainty can be managed with a likely impact on psychological functioning for both caregivers and patients. Further research is needed to better understand the causality of the relationships between illness uncertainty and the study variable of interest, as well as to develop interventions to guide providers in addressing this modifiable variable.
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